Introduction
============

Type 2 diabetes (T2D) is a chronic progressive metabolic disease characterized by hyperglycemia and is associated with numerous adverse sequelae, including cardiovascular complications. For many patients with T2D, pharmacological intervention is required to achieve and maintain adequate glycemic control. Given that the severity of the condition typically increases with time, monotherapy (typically with metformin) often fails and additional glucose-lowering medications are needed.[@b1-dmso-10-079],[@b2-dmso-10-079] Options for the medical treatment of T2D have expanded considerably in recent years. Older glucose-lowering medications, including sulfonylureas (SUs), thiazolidinediones (TZDs), and insulin, are now supplemented with newer drug classes comprising dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-1 receptor agonists (GLP-1RAs), and sodium-glucose cotransporter 2 inhibitors.[@b1-dmso-10-079],[@b2-dmso-10-079]

Selecting the most appropriate agent(s) for each patient can be challenging for clinicians. Considerations typically include patient characteristics along with the effectiveness and safety/tolerability profile of the available glucose-lowering therapies.[@b1-dmso-10-079],[@b2-dmso-10-079] Given the need for lifelong treatment of T2D, prescribers and patients are likely to have more confidence in medications that are supported by long-term efficacy and safety data. Such data not only establish the durability of glycemic control and other clinical benefits but can also potentially identify any important safety and tolerability signals, which may only emerge over an extended duration of observation.

Of the six classes of glucose-lowering medications currently available, the SUs, TZDs, and insulin (by virtue of being the oldest) have accumulated the largest body of long-term efficacy and safety data. In the ADOPT study of patients with recently diagnosed T2D, monotherapy failure rates at 5 years were 21% with metformin, 15% with a TZD, and 34% with an SU.[@b3-dmso-10-079] Despite TZDs holding the best record for durability, fluid retention (potentially leading to heart failure), increased risks of bone fractures, and possible bladder cancer have tempered enthusiasm for this drug class.[@b4-dmso-10-079]

GLP-1RAs and DPP-4 inhibitors are incretin-based therapies that mimic and augment, respectively, the action of the incretin hormone glucagon-like peptide-1 (GLP-1). GLP-1RAs are analogs of GLP-1 that mimic GLP-1 and activate the GLP-1 receptor, increasing insulin secretion in a glucose-dependent manner, suppressing glucagon secretion, and delaying gastric emptying, which reduces appetite.[@b5-dmso-10-079],[@b6-dmso-10-079] GLP-1RAs exploit these mechanisms to control glycemia while simultaneously avoiding hypoglycemia and weight gain. As this is a relatively new class of glucose-lowering agents, unanswered questions remain concerning the long-term use of GLP-1RAs.

This review focuses on the GLP-1RA class, summarizing currently available long-term efficacy and safety data from prospective phase 3 clinical studies of at least 76 weeks' duration. Among the six GLP-1RAs currently approved for use in the United States and the European Union, 19 publications report long-term studies of GLP-1RAs, in some cases compared with other agents or with background oral glucose-lowering therapy ([Tables 1](#t1-dmso-10-079){ref-type="table"} and [2](#t2-dmso-10-079){ref-type="table"}). Findings of recent long-term cardiovascular outcome studies of these GLP-1RAs are also summarized.

Albiglutide once weekly (QW)
============================

A single study to date has documented the long-term treatment effects of albiglutide ([Table 2](#t2-dmso-10-079){ref-type="table"}). HARMONY 3 was a 104-week study comparing the efficacy and safety of albiglutide with sitagliptin, glimepiride, and placebo among patients who have achieved inadequate glycemic control with metformin.[@b7-dmso-10-079] At 2 years, glycated hemoglobin (HbA1c) and weight were reduced by −0.63% and −1.21 kg, respectively, from baseline among patients receiving albiglutide ([Table 2](#t2-dmso-10-079){ref-type="table"}).

Key safety and tolerability findings from HARMONY 3 are shown in [Table 3](#t3-dmso-10-079){ref-type="table"}.[@b7-dmso-10-079] Two cases of probable pancreatitis, based on laboratory investigations and suggestive symptoms, were considered possibly related to albiglutide.[@b7-dmso-10-079]

Dulaglutide QW
==============

Two studies have assessed the long-term efficacy of dulaglutide ([Table 2](#t2-dmso-10-079){ref-type="table"}). AWARD-2 was a 78-week study that compared the efficacy of low- and high-dose dulaglutide (0.75 and 1.5 mg, respectively) with insulin glargine in patients with T2D not achieving glycemic control with maximum-dose metformin and glimepiride.[@b8-dmso-10-079] HbA1c at 78 weeks and body weight at 52 weeks were reduced from baseline among patients receiving both doses. In AWARD-5, both the doses of dulaglutide were compared with sitagliptin over 104 weeks.[@b9-dmso-10-079] Reductions in HbA1c and body weight were sustained over 2 years with both the doses. With dulaglutide 1.5 mg, reductions in HbA1c and body weight were −1.0% and −2.9 kg, respectively ([Table 2](#t2-dmso-10-079){ref-type="table"}).

Nausea, diarrhea, and vomiting were the most common adverse events over 104 weeks of treatment ([Table 3](#t3-dmso-10-079){ref-type="table"}).[@b9-dmso-10-079] Among patients receiving dulaglutide, two severe cases of hypoglycemia occurred during AWARD-2[@b8-dmso-10-079] and no cases during AWARD-5.[@b9-dmso-10-079] One case each of acute and chronic pancreatitis was diagnosed in the dulaglutide 1.5 mg group in AWARD-2.[@b8-dmso-10-079] In AWARD-5, a patient receiving dulaglutide 1.5 mg died of stroke.[@b9-dmso-10-079]

Exenatide twice daily (BID)
===========================

Exenatide BID, the first GLP-1RA approved for clinical use, is administered before meals and has a half-life of 2.4 h. Three 30-week pivotal trials evaluated two doses of exenatide BID (5 and 10 µg) in patients with inadequate glycemic control on metformin alone (AMIGO-1), SU alone (AMIGO-2), or SU and metformin combined (AMIGO-3). In open-label extension studies of the AMIGO trials, all the patients received the 10 µg BID dose of exenatide and continued to receive prior background glucose-lowering medication ([Table 2](#t2-dmso-10-079){ref-type="table"}). In 52-week extensions of AMIGO-1[@b10-dmso-10-079] and AMIGO-3,[@b11-dmso-10-079] patients completing 82 weeks of treatment maintained reductions in HbA1c and body weight from baseline ([Table 2](#t2-dmso-10-079){ref-type="table"}). Pooled data from AMIGO-2 and AMIGO-3 revealed a similar sustained decrease in HbA1c and body weight after 82 weeks.[@b12-dmso-10-079] A total of 217 patients from all the three AMIGO trials, who completed 156 weeks of exenatide BID treatment, maintained reductions from baseline of −1.0% in HbA1c and −5.3 kg in body weight.[@b13-dmso-10-079]

EUREXA, a long-term randomized controlled trial, directly compared the treatment durability of exenatide BID with glimepiride after metformin failure iñ1,000 patients.[@b14-dmso-10-079] Over 4 years, the treatment failure rate was 41% with exena-tide BID and 54% with glimepiride. At failure or completion of the study, HbA1c and body weight were reduced from baseline among patients receiving exenatide ([Table 2](#t2-dmso-10-079){ref-type="table"}).

Among patients with the longest exposure to exenatide in the AMIGO trials (3 years), the pattern of adverse events was consistent with long-term follow-up ([Table 3](#t3-dmso-10-079){ref-type="table"}).[@b13-dmso-10-079] Less than 1% of withdrawals were attributed to hypoglycemia despite its high incidence (40%), and the sole case of severe hypoglycemia occurred in a patient concurrently receiving metformin and an SU.[@b13-dmso-10-079]

Exenatide QW
============

The long-term effects of exenatide QW have been evaluated in the extension phases of the DURATION-1 and DURATION-3 studies ([Table 2](#t2-dmso-10-079){ref-type="table"}). The DURATION-1 study started with a 30-week randomized controlled period that compared exenatide QW with exenatide BID in patients who were drug-naïve or receiving background oral glucose-lowering agents.[@b15-dmso-10-079] In open-label extension studies, patients previously receiving exenatide BID were switched to exenatide QW. After 2 years,[@b16-dmso-10-079] 3 years,[@b17-dmso-10-079] 5 years,[@b18-dmso-10-079] 6 years,[@b19-dmso-10-079] and 7 years[@b20-dmso-10-079] of follow-up, reductions in HbA1c (−1.5% at 7 years) and body weight (−3.9 kg) were maintained compared with baseline ([Table 2](#t2-dmso-10-079){ref-type="table"}). These data represent the longest evaluation of a GLP-1RA published to date.

The long-term DURATION-1 study results are supported by randomized controlled 3-year extension data from the DURATION-3 trial of exenatide QW versus insulin glargine in patients uncontrolled on maximum-dose metformin with or without an SU ([Table 2](#t2-dmso-10-079){ref-type="table"}).[@b21-dmso-10-079] At 3 years, study completers receiving exenatide QW achieved reductions of −1.09% in HbA1c and −2.69 kg in body weight relative to baseline ([Table 2](#t2-dmso-10-079){ref-type="table"}).

Respiratory tract infections were the most common adverse events reported in the 6-year DURATION-1 followup ([Table 3](#t3-dmso-10-079){ref-type="table"}). Exposure-adjusted event rates with exenatide QW decreased from 84.6 to 7.6 events/100 patient-years for nausea, whereas injection-site pruritus decreased from 51.0 to 1.6 events/100 patient-years during the initial 30-week and open-ended extension periods, respectively.[@b19-dmso-10-079] No major hypoglycemic events were reported with exenatide QW. Most patients experiencing minor hypoglycemia were receiving a concomitant SU (28.6% vs 6.4% non-SU).[@b19-dmso-10-079] One case of pancreatitis in a patient receiving exenatide QW emerged during the 6-year follow-up period.[@b19-dmso-10-079] Regarding other adverse events of interest, a pooled analysis of eight exenatide QW phase 3 trials (1,934 patients) found that renal failure-related adverse events occurred at a rate of 0.1 and thyroid neoplasms at a rate of 0.2 per 100 patient-years. There were no cases of thyroid cancer, C-cell carcinoma, or pancreatic cancer.[@b22-dmso-10-079]

Liraglutide once daily (QD)
===========================

Liraglutide, which is administered QD and has a half-life of 12.6 h,[@b23-dmso-10-079] was the second GLP-1RA to market. Long-term data are presently available for two extension phases of the LEAD-2 and LEAD-3 trials ([Table 2](#t2-dmso-10-079){ref-type="table"}). In the 26-week LEAD-2 study, the glucose-lowering efficacy of liraglutide was compared with placebo and glimepiride, all on a background of metformin. After an open-label extension phase, the mean change in HbA1c at 2 years was −0.6% for both the 1.2 and 1.8 mg doses of liraglutide, with a mean weight loss of −3.0 and −2.9 kg, respectively ([Table 2](#t2-dmso-10-079){ref-type="table"}).[@b24-dmso-10-079] The LEAD-3 trial evaluated liraglutide monotherapy over 104 weeks in comparison with glimepiride monotherapy.[@b25-dmso-10-079] HbA1c reductions from baseline to 2 years were −0.6% with liraglutide 1.2 mg and −0.9% with liraglutide 1.8 mg. Mean body weight reductions over 2 years were −1.9 kg and −2.7 kg for liraglutide 1.2 and 1.8 mg, respectively ([Table 2](#t2-dmso-10-079){ref-type="table"}).[@b25-dmso-10-079]

One patient in each of the 2-year LEAD-2 and LEAD-3 studies experienced a major hypoglycemic event ([Table 3](#t3-dmso-10-079){ref-type="table"}).[@b24-dmso-10-079],[@b25-dmso-10-079] During the 30-week double-blind period of LEAD-2, two patients receiving liraglutide withdrew as a result of acute pancreatitis.[@b24-dmso-10-079] However, no new cases were reported after 18 months of follow-up. During the extension phase of LEAD-3, one patient receiving liraglutide 1.8 mg died, with an autopsy revealing signs of acute and chronic pancreatitis and cholelithiasis.[@b25-dmso-10-079]

Lixisenatide QD
===============

To date, three studies have reported long-term efficacy outcomes for patients receiving lixisenatide, a medication administered QD with a half-life of 2--3 h ([Table 2](#t2-dmso-10-079){ref-type="table"}).[@b26-dmso-10-079] During a 52-week extension of the GetGoal-F1 study in patients uncontrolled on metformin, lixisenatide maintained glycemic control at week 76. Mean HbA1c was reduced from baseline by −0.9%, and body weight decreased by \>3 kg.[@b27-dmso-10-079] In the GetGoal-P study, among patients receiving lixisenatide and also pioglitazone (with or without metformin), HbA1c was reduced from baseline by −1.1% and body weight increased by +0.9 kg.[@b28-dmso-10-079] In the third study, GetGoal-Mono-Japan, lix-isenatide as monotherapy sustained glycemic control for up to 76 weeks ([Table 2](#t2-dmso-10-079){ref-type="table"}).[@b29-dmso-10-079]

After 76 weeks of lixisenatide therapy in the GetGoal-F1, GetGoal-P, and GetGoal-Mono-Japan studies, gastrointestinal disorders were the most common adverse events ([Table 3](#t3-dmso-10-079){ref-type="table"}).[@b27-dmso-10-079]--[@b29-dmso-10-079] There were no cases of severe hypoglycemia or pancreatitis.[@b27-dmso-10-079]--[@b29-dmso-10-079]

Summary of findings
===================

Across all identified long-term studies for GLP-1RAs, the mean change in HbA1c from baseline ranged from −0.4% to −1.7%, with weight loss ranging from −0.9 to −5.3 kg. Although the degree of clinical benefit varied, all GLP-1RAs provided the means to achieve and maintain glycemic control in the long term among patients with T2D who continued therapy. GLP-1RAs may provide long-term benefits to patients, particularly those who desire or need to lose weight.

Although the tolerability profiles of the GLP-1RAs differ, nausea, diarrhea, upper respiratory tract infections, injection-site reactions, and hypoglycemia were reported across long-term GLP-1RA studies. However, the incidence of discontinuation related to adverse events was relatively low, at 4%--21%, with rates of withdrawals generally lower during continued treatment in extension trials. The tolerability profile of a GLP-1RA is an important consideration as it can be expected to influence both adherence and the overall duration of treatment. At present, the long-term evidence is insufficient to assert that GLP-1RAs have a benign side effect profile, particularly with respect to rare adverse events. However, it is reassuring that data from the DURATION-1 study showed no new safety signals emerging from 6 years of exposure to exenatide QW. In addition, diminished rates of gastrointestinal adverse events and injection-site reactions observed in this study suggest that extended use may ameliorate some adverse events. Indeed, an analysis that included data from the DURATION-1 study found that the incidence of nausea and vomiting, as assessed every 2 weeks, declined over time with continued exenatide therapy.[@b30-dmso-10-079]

Insulin is often recommended as add-on therapy to oral glucose-lowering agents, despite the associated risks of hypoglycemia and weight gain that have been shown to increase with increasing duration of insulin use.[@b31-dmso-10-079]--[@b33-dmso-10-079] Importantly, a minimal propensity for hypoglycemia has been demonstrated in long-term studies of GLP-1RAs, along with clinically relevant decreases in body weight. The low rates of hypoglycemia observed over extended treatment durations with GLP-1RAs have important implications, particularly for patients considering an injectable agent for long-term use. The results of the head-to-head analyses of GLP-1RAs versus insulin suggest that a GLP-1RA is a better long-term treatment option, which may allow insulin to be used at a lower dose as add-on therapy if necessary.

Case reports of pancreatitis have emerged in studies of GLP-1RAs, prompting much debate in the literature concerning the potential for a causal relationship between the two. Although long-term studies of GLP-1RAs do not indicate an increased risk of pancreatitis, regulatory agencies continue to monitor signals for the GLP-1-based therapies with respect to pancreatic safety.[@b34-dmso-10-079]

There are important limitations to the studies reviewed which limit conclusions that can be drawn about relative efficacy and safety of the GLP-1RAs. Some of the long-term studies report open-label extensions or lacked a comparator arm, which limits conclusions that can be drawn about the agents' efficacy relative to other drug classes. None of the published long-term studies report a head-to-head comparison between two GLP-1RAs. Because of this, and differences between the studies in patient populations and methodologies, it is not possible to assess relative long-term efficacy or safety of the GLP-1RAs.

Cardiovascular outcomes
=======================

An important criterion for the use of glucose-lowering therapies among patients with T2D is the drugs' long-term effects on cardiovascular risk.[@b35-dmso-10-079] Improved care of T2D over the last few decades, including tighter glucose, blood pressure, and lipid control, has reduced the incidences of myocardial infarction, stroke, and amputation among patients with poorly controlled T2D.[@b36-dmso-10-079]--[@b40-dmso-10-079] However, the incidences of these outcomes remain high in a substantial patient population,[@b41-dmso-10-079] representing a continued public health concern; hence, the cardiovascular safety of a number of GLP-1RAs is currently being studied.

The Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results (LEADER) trial remains the largest and longest cardiovascular outcomes trial of a GLP-1RA completed to date. This phase 3, randomized, double-blind, placebo-controlled trial investigated the cardiovascular effect of liraglutide in 9,340 patients with T2D and high cardiovascular risk receiving standard T2D care.[@b42-dmso-10-079] Patients were followed up for a minimum of 3.5 years and received liraglutide or placebo for a maximum of 5 years with a 30-day follow-up period. This study found that, over a median follow-up of 3.8 years, significantly fewer patients receiving liraglutide experienced the primary composite outcome of the first occurrence of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke than patients receiving placebo (13.0% vs 14.9% of patients; hazard ratio \[HR\], 0.87; 95% confidence interval \[CI\], 0.78--0.97; *P*=0.01 for superiority).[@b42-dmso-10-079] At 36 months, the treatment difference for change in HbA1c was −0.4% (95% CI, −0.5% to −0.3%) in favor of liraglutide, and body weight loss was 2.3 kg (95% CI, 2.0--2.5 kg) greater in the liraglutide group.[@b42-dmso-10-079]

The Evaluation of Lixisenatide in Acute Coronary Syndrome (ELIXA) trial investigated the cardiovascular effects of lixisenatide in 6,068 patients with T2D who had had myocardial infarction or who had been hospitalized for unstable angina in the last 180 days.[@b43-dmso-10-079] This randomized, double-blind, placebo-controlled study followed up patients for a median of 25 months and demonstrated that there were no significant differences in cardiovascular events between lixisenatide and placebo, with the primary composite endpoint (cardiovascular death, myocardial infarction, stroke, hospitalization for unstable angina) occurring in 13.4% of patients receiving lixisenatide versus 13.2% of patients receiving placebo (HR, 1.02; 95% CI, 0.89--1.17; *P*=0.81 for superiority).[@b43-dmso-10-079] Although these results are in contrast with the LEADER study, these discrepancies may be partly explained by substantial differences in the pharmacokinetics of the two GLP-1RA compounds: although liraglutide has a half-life of \~13 h, lixisenatide has a half-life of \~3 h. Taken together, results of the ELIXA and LEADER studies may indicate that drugs in the GLP-1RA class have a neutral or favorable effect on cardiovascular outcomes among patients with T2D.

Two clinical trials investigating the cardiovascular outcomes with albiglutide and exenatide QW are underway. Recruitment is ongoing for HARMONY Outcomes, a phase 3, randomized, double-blind, placebo-controlled trial that investigates the effect of albiglutide alone or in combination with standard glucose-lowering therapies on the risk of major cardiovascular events.[@b44-dmso-10-079] Approximately 9,400 patients will be enrolled in the study if they are aged ≥40 years and have T2D and established cardiovascular disease. The primary outcome will be the time to first occurrence of major cardiovascular events, and patients are expected to be followed up for 3--5 years.[@b44-dmso-10-079]

The long-term benefit of exenatide QW on cardiovascular outcomes is being investigated in the phase 3/4, double-blind, placebo-controlled EXenatide Study of Cardiovascular Event Lowering (EXSCEL) trial.[@b45-dmso-10-079] Recruitment has now been completed, with an estimated 14,000 adult patients with T2D with or without cardiovascular disease enrolled worldwide.[@b46-dmso-10-079] The primary endpoint is the incidence of a composite cardiovascular endpoint (cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke), and the study will be terminated once this endpoint has been confirmed in 1,360 patients.[@b45-dmso-10-079]

Finally, long-term cardiovascular outcomes for patients with T2D receiving dulaglutide are being investigated in the phase 3, double-blind, placebo-controlled Researching CV Events With a Weekly Incretin in Diabetes (REWIND) study.[@b47-dmso-10-079] An estimated 9,622 patients aged ≥50 years with vascular disease or cardiovascular risk factors will be followed for an average of 6.5 years. The primary outcome measure is time to first occurrence of cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke (composite measure). The study is expected to be completed in 2018.

Conclusion
==========

A comprehensive body of long-term efficacy and safety data is emerging for the GLP-1RAs as a class, to rival that of SUs, TZDs, and insulin. Moreover, data on up to 6 years of exenatide QW use provide some assurance to patients and prescribers regarding long-term administration of these agents. Additional data from large ongoing cardiovascular outcome trials will provide important information on the long-term benefit--risk ratio of the GLP-1RA class.
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###### 

Currently approved GLP-1RAs and corresponding summary of currently available published data from prospective studies reporting long-term efficacy and safety data

  Name              Marketed name                Number of phase 3 clinical studies reporting efficacy and safety data after a treatment duration of:                       
  ----------------- ---------------------------- ------------------------------------------------------------------------------------------------------ --- --- --- --- --- ---
  Albiglutide QW    Tanzeum (US), Eperzan (EU)                                                                                                          1                   
  Dulaglutide QW    Trulicity                    1                                                                                                      1                   
  Exenatide BID     Byetta                       3                                                                                                          1   1           
  Exenatide QW      Bydureon                                                                                                                            1   2       1   1   1
  Liraglutide QD    Victoza                                                                                                                             2                   
  Lixisenatide QD   Adlyxin (US), Lyxumia (EU)   3                                                                                                                          

**Abbreviations:** BID, twice daily; EU, European Union; GLP-1RA, glucagon-like peptide-1 receptor agonist; QD, once daily; QW, once weekly; US, United States.

###### 

Prospective long-term phase 3 clinical studies of GLP-1RAs reporting change in HbA1c and body weight from baseline

  Study                                                     Study duration (weeks)                           Background treatment       Treatment                                                 n                                                Retained from initial sample (%)   Mean baseline HbA1c (%)   Mean change in HbA1c (%)                          Patients sustaining HbA1c \<7%/\<6.5% (%)   Mean baseline body weight (kg)   Mean change in body weight (kg)
  --------------------------------------------------------- ------------------------------------------------ -------------------------- --------------------------------------------------------- ------------------------------------------------ ---------------------------------- ------------------------- ------------------------------------------------- ------------------------------------------- -------------------------------- -------------------------------------------------
  **Albiglutide 30 mg QW**                                                                                                                                                                                                                                                                                                                                                                                                                     
  HARMONY 3[@b7-dmso-10-079]                                104                                              Metformin                  Albiglutide                                               215[a](#tfn2-dmso-10-079){ref-type="table-fn"}   68                                 8.1                       −0.6                                              39/17                                       89.6                             −1.2
  Sitagliptin 100 mg                                        212[a](#tfn2-dmso-10-079){ref-type="table-fn"}   68                         8.1                                                       −0.3                                             32/15                              90.3                      −0.9                                                                                                                           
  Glimepiride 2 mg                                          218[a](#tfn2-dmso-10-079){ref-type="table-fn"}   69                         8.1                                                       −0.4                                             31/13                              91.8                      +1.2                                                                                                                           
  Placebo                                                   62[a](#tfn2-dmso-10-079){ref-type="table-fn"}    60                         8.2                                                       +0.3                                             16/7                               91.6                      −1.0                                                                                                                           
  **Dulaglutide QW**                                                                                                                                                                                                                                                                                                                                                                                                                           
  AWARD-2[@b8-dmso-10-079]                                  78                                               Metformin + glimepiride    Dulaglutide 0.75 mg                                       243[a](#tfn2-dmso-10-079){ref-type="table-fn"}   89                                 8.1                       −0.6                                              34/22                                       86                               −1.3[b](#tfn3-dmso-10-079){ref-type="table-fn"}
  Dulaglutide 1.5 mg                                        242[a](#tfn2-dmso-10-079){ref-type="table-fn"}   89                         8.2                                                       −0.9                                             49/28                              85                        −1.9[b](#tfn3-dmso-10-079){ref-type="table-fn"}                                                                                
  Insulin glargine                                          238[a](#tfn2-dmso-10-079){ref-type="table-fn"}   91                         8.1                                                       −0.6                                             31/17                              88                        +1.4                                                                                                                           
  AWARD-5[@b9-dmso-10-079]                                  104                                              Metformin                  Dulaglutide 0.75 mg                                       184[a](#tfn2-dmso-10-079){ref-type="table-fn"}   61                                 NS                        −0.7                                              45/24                                       NS                               −2.4
  Dulaglutide 1.5 mg                                        192[a](#tfn2-dmso-10-079){ref-type="table-fn"}   63                         NS                                                        −1.0                                             54/39                              NS                        −2.9                                                                                                                           
  Sitagliptin 100 mg                                        186[a](#tfn2-dmso-10-079){ref-type="table-fn"}   59                         NS                                                        −0.3                                             31/14                              NS                        −1.8                                                                                                                           
  **Exenatide 10 µg BID**                                                                                                                                                                                                                                                                                                                                                                                                                      
  AMIGO-1[@b10-dmso-10-079]                                 82                                               Open-label extension                                                                 92[a](#tfn2-dmso-10-079){ref-type="table-fn"}    61                                 8.1                       −1.3                                              59/NS                                       102                              −5.3
  AMIGO-2/3[@b12-dmso-10-079]                               82                                               Open-label extension                                                                 222[a](#tfn2-dmso-10-079){ref-type="table-fn"}   55                                 8.4                       −1.0                                              44/NS                                       99                               −4.0
  AMIGO-3[@b11-dmso-10-079]                                 82                                               Open-label extension                                                                 314[a](#tfn2-dmso-10-079){ref-type="table-fn"}   57                                 8.3                       −1.1                                              48/NS                                       99                               −4.4
  AMIGO-1/2/3[@b13-dmso-10-079]                             156                                              Open-label extension                                                                 217[a](#tfn2-dmso-10-079){ref-type="table-fn"}   41                                 8.2                       −1.0                                              46/30                                       99                               −5.3
  EUREXA[@b14-dmso-10-079]                                  Variable to 208                                  Metformin                  Exenatide                                                 490                                              NA                                 7.5                       −0.4                                              45/29                                       92.8                             −3.3
  Glimepiride                                               487                                              NA                         7.4                                                       −0.2                                             31/18                              91.1                      +1.2                                                                                                                           
  **Exenatide 2 mg QW**                                                                                                                                                                                                                                                                                                                                                                                                                        
  DURATION-1[@b16-dmso-10-079]                              104                                              Open-label extension                                                                 216[a](#tfn2-dmso-10-079){ref-type="table-fn"}   73                                 8.2                       −1.7                                              60/39                                       101                              −2.6
  DURATION-1[@b17-dmso-10-079]                              156                                              Open-label extension                                                                 194[a](#tfn2-dmso-10-079){ref-type="table-fn"}   66                                 8.2                       −1.6                                              55/33                                       101                              −2.3
  DURATION-1[@b18-dmso-10-079]                              260                                              Open-label extension                                                                 153[a](#tfn2-dmso-10-079){ref-type="table-fn"}   59                                 8.1                       −1.6                                              44/33                                       101                              −3.0
  DURATION-1[@b19-dmso-10-079]                              312                                              Open-label extension                                                                 136[a](#tfn2-dmso-10-079){ref-type="table-fn"}   46                                 8.1                       −1.6                                              46/33                                       101                              −4.2
  DURATION-1[@b20-dmso-10-079]                              364                                              Open-label extension                                                                 122[a](#tfn2-dmso-10-079){ref-type="table-fn"}   41                                 8.2                       −1.5                                              46/30                                       101                              −3.9
  DURATION-3[@b21-dmso-10-079]                              156                                              Metformin ± sulfonylurea   Exenatide                                                 140[a](#tfn2-dmso-10-079){ref-type="table-fn"}   60                                 8.2                       −1.1                                              48/28                                       89.3                             −2.7
  Insulin glargine                                          147[a](#tfn2-dmso-10-079){ref-type="table-fn"}   66                         8.3                                                       −0.9                                             38/18                              90.5                      +2.0                                                                                                                           
  **Liraglutide QD**                                                                                                                                                                                                                                                                                                                                                                                                                           
  LEAD-2[@b24-dmso-10-079]                                  104                                              Metformin                  Liraglutide 0.6 mg                                        130[a](#tfn2-dmso-10-079){ref-type="table-fn"}   54                                 NS                        −0.4                                              20/9                                        NS                               −2.1
  Liraglutide 1.2 mg                                        137[a](#tfn2-dmso-10-079){ref-type="table-fn"}   57                         NS                                                        −0.6                                             30/17                              NS                        −3.0                                                                                                                           
  Liraglutide 1.8 mg                                        118[a](#tfn2-dmso-10-079){ref-type="table-fn"}   49                         NS                                                        −0.6                                             31/18                              NS                        −2.9                                                                                                                           
  Glimepiride 4 mg                                          113[a](#tfn2-dmso-10-079){ref-type="table-fn"}   46                         NS                                                        −0.5                                             24/15                              NS                        +0.7                                                                                                                           
  Placebo                                                   31[a](#tfn2-dmso-10-079){ref-type="table-fn"}    25                         NS                                                        +0.3                                             11/5                               NS                        −1.8                                                                                                                           
  LEAD-3[@b25-dmso-10-079]                                  104                                              None                       Liraglutide 1.2 mg                                        110[a](#tfn2-dmso-10-079){ref-type="table-fn"}   44                                 8.0                       −0.6                                              53/44                                       92.0                             −1.9
  Liraglutide 1.8 mg                                        114[a](#tfn2-dmso-10-079){ref-type="table-fn"}   46                         8.1                                                       −0.9                                             58/42                              92.6                      −2.7                                                                                                                           
  Glimepiride 8 mg                                          97[a](#tfn2-dmso-10-079){ref-type="table-fn"}    39                         8.0                                                       −0.3                                             37/29                              90.5                      +1.0                                                                                                                           
  **Lixisenatide 20 µg QD**                                                                                                                                                                                                                                                                                                                                                                                                                    
  GetGoal-F1[@b27-dmso-10-079]                              76                                               Metformin                  Lixisenatide[c](#tfn4-dmso-10-079){ref-type="table-fn"}   161                                              NA                                 8.0                       −0.9                                              54/34                                       90.3                             −3.8
  Lixisenatide[d](#tfn5-dmso-10-079){ref-type="table-fn"}   161                                              NA                         8.1                                                       −0.9                                             50/26                              88.0                      −3.4                                                                                                                           
  Placebo                                                   160                                              NA                         8.0                                                       --0.6                                            42/23                              87.9                      −2.8                                                                                                                           
  GetGoal-P[@b28-dmso-10-079]                               76                                               Pioglitazone ± metformin   Lixisenatide                                              323                                              NA                                 8.1                       −1.1                                              59/36                                       92.9                             +0.9
  Placebo                                                   161                                              NA                         8.1                                                       −0.6                                             38/21                              96.7                      +0.9                                                                                                                           
  GetGoal-Mono-Japan[@b29-dmso-10-079]                      76                                               None                       Lixisenatide                                              47[a](#tfn2-dmso-10-079){ref-type="table-fn"}    68                                 8.3                       −0.7                                              27/18                                       NS                               −1.6

**Notes:**

Completer population;

at 52 weeks;

20 µg dose reached from 10 µg in one step;

20 µg dose reached from 10 µg in two steps.

**Abbreviations:** BID, twice daily; GLP-1RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated hemoglobin; NA, not available/could not be calculated; NS, not stated; QD, once daily; QW, once weekly.

###### 

Key safety and tolerability findings in phase 3 clinical studies of GLP-1RAs

  Name                                    Longest follow-up (weeks)   Most common adverse events                                                                                                                                                                                                                                                             Incidence of hypoglycemia                                                                                                                                                                     Rate of withdrawal due to adverse events
  --------------------------------------- --------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------
  Albiglutide 30 mg QW[@b7-dmso-10-079]   104                         Upper respiratory tract infection, 16.2%; diarrhea, 12.6%; nausea, 10.3%; injection-site reactions, 9.6%                                                                                                                                                                               Albiglutide, 3.0%; no severe hypoglycemic events                                                                                                                                              Albiglutide, 6.6%
  Dulaglutide QW                          104                         Nausea, 15%, 17%; diarrhea, 12%, 16%; vomiting, 8%, 14% for dulaglutide 0.75 mg, 1.5 mg, respectively[@b9-dmso-10-079]                                                                                                                                                                 Dulaglutide 0.75 mg, 8.6%; 1.5 mg, 12.8%;[@b9-dmso-10-079] severe hypoglycemia in two patients on dulaglutide 1.5 mg[@b8-dmso-10-079]                                                         Dulaglutide 0.75 mg, 21%; 1.5 mg, 21%[@b9-dmso-10-079]
  Exenatide 10 µg BID[@b13-dmso-10-079]   156                         Nausea, 59%; hypoglycemia, 40%; upper respiratory tract infection, 36%                                                                                                                                                                                                                 Exenatide, 40%; one severe hypoglycemic event                                                                                                                                                 Exenatide, 11%
  Exenatide 2 mg QW[@b19-dmso-10-079]     312                         Upper respiratory tract infection, 41.9%; nasopharyngitis, 28.3%; diarrhea, 26.0%; sinusitis, 21.7%                                                                                                                                                                                    28.6% with sulfonylurea; 6.4% with no sulfonylurea; no severe hypoglycemic events                                                                                                             Exenatide, 6.2% (between weeks 30--312)
  Liraglutide QD                          104                         Nausea, 17.5%,[@b24-dmso-10-079] 29%[@b25-dmso-10-079] for liraglutide 1.2 mg; 21.5%,[@b24-dmso-10-079] 31%[@b25-dmso-10-079] for liraglutide 1.8 mg; diarrhea, 11.3%,[@b24-dmso-10-079] 18%[@b25-dmso-10-079] for 1.2 mg; 16.5%,[@b24-dmso-10-079] 20%[@b25-dmso-10-079] for 1.8 mg   Minor hypoglycemia with liraglutide 1.2 mg: 4.2%,[@b24-dmso-10-079] 12%;[@b25-dmso-10-079] liraglutide 1.8 mg: 4.1%,[@b24-dmso-10-079] 10%;[@b25-dmso-10-079] two major hypoglycemic events   Liraglutide 1.2 mg, 12.9%,[@b24-dmso-10-079] 12%;[@b25-dmso-10-079] liraglutide 1.8 mg, 14.5%,[@b24-dmso-10-079] 9.3%[@b25-dmso-10-079]
  Lixisenatide 20 µg QD                   76                          Nausea, 26.0%--43.5%; vomiting, 7.2%--18.0%; diarrhea, 5.8%--14.9%[@b27-dmso-10-079]--[@b29-dmso-10-079]                                                                                                                                                                               Symptomatic hypoglycemia: 3.7%--7.5%,[@b27-dmso-10-079] 7.1%,[@b28-dmso-10-079] 7.2%;[@b29-dmso-10-079] no cases of severe hypoglycemia                                                       Lixisenatide, 8.7%--11.8%,[@b27-dmso-10-079] 9.3%,[@b28-dmso-10-079] 14.5%[@b29-dmso-10-079]

**Abbreviations:** BID, twice daily; GLP-1RA, glucagon-like peptide-1 receptor agonist; QD, once daily; QW, once weekly.
